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(54) LATERAL MULTIPLEX MODE SAW FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To widen the pass band 
width and miniaturize by arranging plural SAW resonators 
having a pair of reflectors in parallel to the transmission 
direction of a surface acoustic wave and providing an 
electrode finger group for exciting the plural SAW 
resonators for the reflectors. 

SOLUTION: In the reflectors 1, 2: 104 and 105, electrode 
patterns for selectively exciting different oscillation 
modes are formed. The reflector 2: 1 05 is for a basic 
wave lateral oblique symmetric mode AO and the 
reflector 1: 104 is for a primary/higher-order lateral 
symmetric mode SI. An electrode finger group excited 
for the plural SAW resonators of the reflectors can 
selectively excite the basic wave lateral oblique 
symmetric mode AO and the primary/high- order lateral 
symmetric mode SI. For preventing the AO mode from 
being deteriorated by the shorting of positive/negative 
loads generated at the AO mode, a third connection 
resonator 3:1 13 (SAW #3) is divided in the transmission 

direction X of a surface acoustic wave at the almost center of an interdigital electrode IDT 103. 
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1 13t^SnS, KAOSrBfiL 
S<*5o HUfiAO^-h^SV (Y) Us 1 
1 1 5tt + Y(*SrS-t- 0 

[0 0 3 3] tu^COil «9 3 (fcjfrfr*^© I D T 3 
(110 2) ^^-m, IDTSCOIJI^^, Hfjfe 

(BMffl&EI l 4#fig) f*> mifSS o^e— K<£>sa£»£ A 
0^e~ K<^AttftmH«r. a^KK^Sfcfcjc:, o. 
2JKft (A) WK'fe5:iW*Llr\ ii2(:;o 

An1-£*M. _h#-T<5 0 wCOJSSfi, »W«C*sif*D-r6 
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6 0 0ilx.tf, GSM- I F7^;i/^tfetill 3 d Bil 
iWi^ 1 O 0 0 p pm^i^^tl^^f), A0£ 
S om^Mftft£tt* W^5 0 0 ppmi:/^o 
feoT, 0. 2fe^r (X) OTtfeS: <b^^^Ll\ 
[0 0 3 4] SLLtt, «^^LJ:Ht5SW 

fcarSrefcSFLfc, *«B<Oi#l*-KSAW7^^ 

[0 0 3 5] o^'c, *»W©»fiKJcJ:!!)»6>ix6JRtt 
10 £&#§*LfcWtt{z:o#, 07, IU8, 19, lOii 

#,£J2, o?©3^tfc5. 1) AtH^iBlJS AW^if 

^Qfs (MH^Ktt) iRiJbo 2) is^ftamcjsw-s, 
Ke*»*offi« 0 3) m^m^<om&9k^ 

fc (Af i=Af 2 : Af i =f»o— fso, A f x =f., 

[0 0 3 6] £i\ hu^coi) AmfjMS AW*i^© 
QI <#Jg$fc«&S) IrJ±O*jS^P>»-<5 0 
20 [0 0 3 7)118 tCTj^i-J; 5 **iS<PSSS#ttT*fc 

StKiHIIUkY* s/ MdSS^T, IW^2X3mm 

[0 0 3 8 ] ilR^CCO— 0ij <?r IT, G SMMH^P 

F7^/^) l:iS^Mfttfc5 2 4 4MHzttfc 0 

tt, I DTO^M<b^{|iJC0S^N(0fD^2 0 0 J£Xf*9 
30 t-*>S^g*$fc5 0 r <£>^{4=<£> 1|©SAW* 
fi-^<DQll (*«jfcttS) M7 0 0, 7 0 2. 7 0 
3) iMt^ifittRl (M701) <E>«f«:^ 
fui#<0 I DT*3j:U«Rat«0«««>R*^H#S|ltt*BS 

as a (409) ©ritfo^o r^~#*a>(b*5« 

ffiflgJSH##teSffii£<E>Sig X (DitHy X as 0 . 0 3 6 
T^fb 0. 0 5*&lC*5^-m, I DT^SM^4 0^ 
bl4 0cOiEit*fctlli C©^M + N-2 0 0<7)[lf| 
40 I^bN= 1 6 0 — 6 0lZttfc1-Z>) , ffol7i£k±<DQ 
fl^N ^f c> R 1HM^6 1 4 0?P[(7)ffiil^V^ 

■C10 0Qtfij5S#P)ti5 o fcfcb, 0 14lc^!?fi 
< IH^LfcJ: $lig2^SAW*fiW«FOl 
DT^*tit>I (Wcl=Wc2) ^ 9±l$fi, ^3 

©^^Gc^O. 69±0. 2&^T*fo-5 e rtlb 
O jEffl-efctttf % 3 d B iiiS^ftStB^ 1 0 0 0 pp ml 
^COlg^fi-€~ K S AW7 -< pJ3ET-£>£o 
[0 0 3 9] mraiO*S^QliSr8cgi-^y5: 
50 ^><OmM^W.\tH/ X<DffiMf£0. 0 3 675^0. 0 5 
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:^cilt, mi 9 tm2 od^-r, £-ng 

H/X - 0. 0 3 0max= 2 0 tt'fcottW 

tfS, H/X==0. 0 3 6 tCfc^Tte, ffi 9max= OX: 

fSOmax <hO||^£^f::^<7)^|EI2 0T^6 o 1^13 £>b 
91 5 e = 3lS#iat'fctlll 

oT3 3^b2 9S<Dgltfell(l fefetPfeOmaxtt 

[0 0 4 0] o#'{C s 11132^— KS AW^^tCig 

5o *Tftfc>*>. *3©»**Sf (SAWR#3) CO I 
DT 3<DfSBf**S:, miE#tt*ffi«OfillR*filXtc4> 
«t5r irlcj;^ A0^- K<50®fi3**«rlR]_bi-Sr 
<h^r. WE*S-&*« : T- (SAWR#3) tcjotfSAO*- 



12 



[0041] ft^tc, «frSE^«Fttek»os«-c*>s, 

KIB««*f6©*Mb (A f i=A f 2 : A f 

x =f« 0 -f s0 , a f x =f s i-f ao ) (-o^iai4, iai 

5, Ml 6. H}1 7Srffl^TKWt5 0 
[0 0 4 2] ^fil4li, il©*m©i3l^ 

io S^y^/t^P (Y) Sr^-rig-e*>5 0 

tctt: 1*5 Hinc mmm^m^y'>^^yup (Y) £fgw 

[0043] rttico^rfi, ffir^o*^-S:«j«-t-s s 

*S^*^t^9BLT^5 (ift*, MSNF, fife:" »M 

v'^tKv^A, pp79-80, (1 9 9 6) ) 0 

[0 0 4 4] 
I«fcX ] 



a ^ □ 2 (Y)V(Y), YV + {o> 2 -o> o 2 {Y)} V(Y)=*0 



(1) 



[0 0 4 5] ofMHIjSft, a>o(Y) 

tt3Mfc\ v (y) ttB^iRioJMit^ffiftaEffi^sii, y 

*> *>&mm<Dff.&n (y) (ommc^^omtir^o 

t— JKWJ-fi, T/l^^A&JlcOflfim (Y) <Dmm& 

a P 2 (Y)V(Y), YY +{Q 2 -P 2 (Y)}V(Y)=0 



«liOt)Ofim (Y) [CJ: <9 a) o (Y) ttjfcSS 

a) o (m (y) ) -e&5„ B9iao*s 
fh»Srl»mtc-t-5^«)^ (1) icfci^-c, mmttzz 

[0 0 4 6] 



[0 0 4 7] Q = a)/o)oo(«il:Mf, 

P (m (Y) ) l*m#fctf^^is j r*mmktj:Z>o 40 

[0048] 11 1 4 <#<Dpg&vtmwti 4 0 oxm&tiz 

iSi^fyv't^P (y) Co^tMt^^, 

»f r=Vs/;i**»fcUfcHttftfcflS* (coo- 

(f-f r) / f f)-e*Lr^5, coo = of^ nine 

Of ;-Cfc£ 0 W c ic:Wc 2 r^Lf:Mlt HU^co 
SUi2(DS AW*Sf (01Ollltll2) CO 
IDT««l:»tt;Ltfc9, P — COP (Y) =Plt 
fe5 0 (Bl©113) 50 



(2) 

t^P3«^, P3^P1© 
= P1-P3^ 1 00 O^ib 3 0 0 0ppmki-th& y fiff 

&<d s 0 1 a 0 wo«&isiiA f x t a 0 1 s 1 r$<Dffl 

o#Ui 5^bil 7^ffl^t^f6o (Hi 5ttH»flE 
tO^^^ST- 114OT C 3®» ©IDT*3«ttfR 

^fifoHKRJEfcf (1 5 0 0) ^m^Lfebcor-fe 
MeLa*r*S<-*-*Ltf, «»tBTit6:4:#i? 
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i^M^ hy ^^y^f^^-^lt (L 3 
[0 0 4 9] roj;54**Srtii:, *3gW0>0 ik 

tt«4ix5 am<D&&**- KS 0, AO, SlR](Z>JHS 
ftS6Sr»L<H»ERr«B-e*>S. 0 l 7 ro^T-tr^ L 

fc. H*co«itttt, iwriBjajKft^v^^/i/p i 3 

(7)itP3/Pl^, Kt*llf4«ia4i*r*i-6SAW*fi^ 
«>H»«SrX!|!iO<t LX^Lfc. fflttftilfS (ppm) 
T*fe5 0 ^fzm^(D 1 7 0 0 14, S^S^-KSO 10 
<DJl&j£ f sot^l 17 0 1 tem*&mttW*r~ K 

<£>J^&m f « o , I 7 0 2iii atKSc**!-*^— KS l 

com$i%cx* f 3 x -e$>5 0 ffimm$i$kM& fi = f aD 

-fsoi:, Af 2 =fsi- f a o^^L<"TSfc 
£>tc, p 3£rP l J:f9fi<KSi-Sr t. t^P3 
<P 1 Offilffl-efctK P3/P1 = 1. UgStct^ 
^l::^ftP3/Pl = l. 16 

500ppm{uffiSt5) <E>>b<tl£, ^S^OY 
^ftOi^Tf^Wo a^r^fb^iirfc^^^ll 1 6 -efeS 0 20 
Wc3 = 9X|CfcV^ UEAf i = Af 2 (=BW/ 
2 : 3 d BHjflttrtt«0>¥gO aSj*9:£*>, Wcari* 
^kii^tU* A f x * A f 2 <DBB«£*5o Afx 
= A f 2 £»Rf§{;:*5^Tte, 7 ^ /u* <ZM > 

[0 0 5 0] rjl, «Mtar*^i) frh3) (rit^f 

«*o»tt-e*5B9, 01 ort^^J; ?(c31®cd;7 
Jtvtmfe (08) i: LtHSS^S^, il3lci 30 

0 am-*- 5 0 0+o#tttf4p pm¥ML^jj(Sf 
-Cfc«9. tiEMtt* #3SW<£>0 l coaSH 1 1 0 imfrhHtz. 
M^ttS 1 1 (Aflfcl 3 0 0) 0*<7)S 0. 

AO. S 1 fil»K<^ 3 fitf^ft^E— K"CfcS. SO 
^~ KflSAW*«^# 1 <DQfiI|6j±{Cj; QttS^itft] 
U AO*-K©»ftBHt«-&*S^<Z)»»|(c:J:9*t*0 

^^iCJ;^ S 0 £ AO^e— Kco^&ft: 0 — ^£^L< 

ait^rl J: 9 <h IT, Af t=Af 2 <lrt6r^[:J; 40 

[0 0 5 1 ] 0 8<Z>Aj£8 0 0f4, ifti$CD0 7<D£^I^ 
& 3{HffigLT3£-<;fc0 1 <o«3fi^- K7^/u^^ 

[0 0 5 2] ft i2C/Tti2l ; e-KSAW7^ 

[0 0 5 3] K S AW7 ^ ;u 50 
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[0 0 5 4] 

KKI IT, MIS S AW7 -f /u* £«J&-r 

»*Wfc:fflfi-r 5 — r 4: fc J; 19 , 

^I^Tt, PHS. GSM^ft^M^ 

^ *i a* ± # v> ^ * / u ii ft mm m & <n * r$m& 

-r^r<h(cj:«9, K A o <z>AS0£ig 

^©^f^ftta.^] 

[HI1 ] *3SWO*3S-€~ K7^/^(Z)- HJfe^JO 

m 3 ] *mw<D-wtmmmm* K7 

[0 4 ] *3S^<£> sot- Kft«HR**»<D— 
[0 5] *»A0t- Klffl«fflRI*»«>— 
[0 6 ] S l KB«IJR**»G>-£li6« 

[0 7] K7>f^©Q«»tt 

0o 

[0 8 ] i ^^j6«<z>eai«Ftt0o 

[09] Fy^jisfcDte&ft&m* 

[0 10] ^*co«t#fi^~ K7^;^O^t 

0o 

[0ii] *»W«5«fiK«*-e*>s i DTSfP^-^JS 
^J$:^i-¥®0o 
[0 12] K7-f/U^©»«iC 

[0 13] *!P^oi#lt- K7-f/u^©Klt«M* 

0o 

[014] l om6fl»joY*b»fffi<oHiK* 

AK7 i >'v'-lr/^0o 
[015] *«n^Afi^OUM0!)RjKlf[«tt 

0o 

[016] *ISM^ife^*ST-^ffiffiS<75SJ8t»«FT4 

0o 
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[His] *mw<Di£m.m&<Dj} ? hM^^ta 

[020] *»W«>£E«S«oHtt»aS«?ttH D 

100, 200, 300 

101.201.1101 IDT1 

102.202.1102 I DT 2 

103,1103 IDT3 10 
1 0 4, 2 0 3 1 
1 0 5, 2 0 4 2 

1 0 6, 1 0 8, 1 1 0, 1 1 6, 2 0 5, 2 0 7, 2 
08, 210, 301, 303, 307, 309 s< 
v K 

1 0 7, 1 0 9, 2 0 6, 2 0 9, 3 0 2, 3 0 8 
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111,211 S AW*fi^ 1 
112, 2 12 SAW«T-2 
113 SAW^$g^3 
3 10 K S AW^ ^ 

3 11 ^2 (Dffi^M^— K S AW7 -f /U? 

400, 500, 600 S#t^5 

401, 402, 501, 502, 510, 511, 6 
04, 605, 613, 614, 616, 617, 11 
08, 1109, 1110, 1111, 1116 m 

mm 

4 0 4, 4 0 5, 5 0 3, 5 0 4, 5 0 5, 5 0 6, 6 
01, 602, 603, 606, 615, 1104, 1 
10 5, 110 6, 1107 $&m&tfc'<* — > 

4 0 3 



[01] 



[02] 



111 113 H2 

SAWBtfl SAWIW3 ' SAWR*2 



100 




2 0 4 



100 tE*tt¥4& 

10 1 IDT 1 

10 2 I DT 2 

103 IDT3 

104 fittSl 
106 g«S2 



5b (dB) 



1 0 



[08] 
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[0 18] 

Z 

1 80 0, 




-5 



-3 -2 X 1 0 00 



£H£ft Af/ f(ppm) 
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3 0 3 



30 6 



3 00 



3 1 0 




4 0 i 



405 



4 02 



309 



30 8 3 0 7 




1 2] 



500 







1 1 














J 








2C 


I 






8 
















to 
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— F 














i 


2 0)0 



















0 0.2 0.5 U) 



[B5] 



60 0 



503 



ime) 

607 608 609 

SAWR#1 SAWR#3 SAWR#2 Sb(dB) 
6 0 0 




[19] 















































9 0( 
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S -4 -3 -2 X1000 
ffiSM* Af/ fCppm) 



[0 10] 























1 0 
















0 0" 






1 














AO 














1 






































SO 









-5 -4 -3 -2 xlOOO 
ESR Af/ f (ppm) 
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[0 7] 



[mil] 



II 6] 



HI (Q) 



1500 



1000 



70 1 Rl 
H/A = 0. 0 3 




- 3x10* 



30; 60 90 1 20 
40 140 

i d TttftM <m 



1 3] 



SI 1 (dB) 




At /i (ppm) 



f oo= 2 4 4 MHz 
e = 0. 0 0 15 



1000 





C 


1602 


1 




\ 






t 




i. 




1601 


Cue ' 








160( 








B 












6 8 ' 


10 12 



1113 AO 



1115 
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13 


30 




rf 












s 


0 
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-V 
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[114] 



-5 -4 -3 -2 x 1 00 0 

mm* At/ f (ppm) 



[Hi 7] 



Af/f(ppm) f«=2 44MHr 



1600 





1400 



1.2 1-15 1.1 1.05 LO 



[0 19] 



r o 



f od= 2 4 4 MHz 



2 0 
1 0 
0 













190 


L 0 ma 


X 



























3 8.5^ 4 4.5 5 
3.6 
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[015 1 [02 0] 

Af /t (ppm) 0 mn» 




29 30 31 32 33 34 35 



